
Search for Dark Matter Produced 
in Association with a Higgs Boson 

Decaying to bb̄ with ATLAS
Efe Yigitbasi

Boston University

1st August 2017



01/08/2017BU - Efe Yigitbasi

Introduction
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• Dark Matter (DM) comprises most of the matter in the universe:
• A candidate for DM is a stable electrically neutral particle χ whose interactions 

with standard model (SM) particles are weak.
• DM production at colliders:

• Missing Transverse Momentum (ET
miss) from DM particles χ recoiling against 

SM particles: X+ET
miss signature.

• SM particles are typically radiated from initial state.
• Mono-Higgs (h+ET

miss) directly probes the hard interaction involving DM 
production.

• This talk:
• Mono-h(bb̄) analysis conducted with 36.1 fb-1 of pp collisions obtained in 

2015+2016 at √s = 13 TeV with the ATLAS detector (arXiv:1707.01302).
• Mono-h(bb̄) analysis with only  

2015 data (arXiv:1609.04572v2).

https://arxiv.org/abs/1707.01302
https://arxiv.org/abs/1609.04572v2
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Dark Matter Signal Model

3

• Two possible approaches for interpretation of 
data:

• Using a simplified signal model

• Interpretation without extra model assumptions

• Simplified signal model:

• A Z’-2HDM (Type-II) (JHEP06(2014)078):

• New heavy U(1) gauge boson Z’, and a 
new Higgs doublet

• After electroweak symmetry breaking:

• 5 particles: a SM-like Higgs h, a 
pseudo-scalar A, a heavy scalar H, and 
two charged scalars H+/-.

• Five free parameters: tanβ, gZ’, mZ’, mA, mχ.

• BR(A->χχ̅) is considered to be large.
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Analysis Strategy
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• Look for final state: ET
miss + h(bb̄) where ET

miss > 150 GeV.
• Trigger on large ET

miss: ET
miss trigger threshold is at 110 GeV.  

• Using 2 analysis regimes split by ET
miss:

• Resolved analysis (ET
miss < 500 GeV): Decay products of h can be resolved into two separate 

anti-kt R = 0.4 jets (small-R jets).
• Merged analysis (ET

miss > 500 GeV): Decay products of h are collimated to form a single anti-kt 
R = 1.0 jet (large-R jet).

• Require at least 1 b-tagged small-R jet (track-jet matched to large-R jet) in resolved (merged) 
analysis.

• Use Higgs candidate mass (mjj/J) as the final discriminant:
• mjj/J is defined as the invariant mass of the dijet system in resolved analysis or the mass of the 

large-R jet in the merged analysis.
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• Normalisations for dominant backgrounds; Z(νν)+jets, W+jets, tt,̄ 
are constrained by data in control regions (CR).

• Normalisations for subdominant backgrounds; diboson, Vh, single 
top-quark, are obtained from Monte Carlo simulations.

• The multijet background was evaluated using a data driven 
approach.

Analysis Strategy

5

0 lepton SR 1 muon CR 2 lepton CR

Signal Constrain tt ̄and W+jets Constrain Z(νν)+jets 
using Z(ll)+jets
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Analysis Strategy
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• The resolved analysis is further split into 3 ET
miss regions, and a profile likelihood fit to mjj/J is 

applied to all analysis regions simultaneously.
• [150,200) GeV, [200,350) GeV, [350,500) GeV, [500,∞) GeV

• Modelling and systematic uncertainties were considered as nuisance parameters for the fit.
• The dominant sources of uncertainties are given in the table below for three representative 

points in (mZ’, mA) phase space. 
• (a): (0.6 TeV, 0.3 TeV), (b): (1.4 TeV, 0.6 TeV), (c): (2.6 TeV, 0.3 TeV)
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Results
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• mjj/J distributions for 0 Lepton SR with 1 b-tag:
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arXiv:1707.01302

https://arxiv.org/abs/1707.01302
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Results
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• mjj/J distributions for 0 Lepton SR with 2 b-tags:

arXiv:1707.01302

https://arxiv.org/abs/1707.01302
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Results
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• Limits for Z’-2HDM signal model with tanβ = 1, gZ’ = 0.8, mχ = 100 GeV as 
suggested by LHC Dark Matter Forum (arXiv:1507.00966).

• The masses for other scalar particles H, H+/- were fixed at 300 GeV.
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Results
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• Interpretation of limits without extra model assumptions:
• Assume SM-like Higgs boson and a back-to-back topology of Higgs and 

ET
miss.

• Set limits on visible cross section:

• Where      represents kinematic acceptance and      accounts for 
experimental efficiency.
•           term quantifies the probability for an event to be reconstructed 

in the same ET
miss bin as generated to pass all selections.
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Conclusion
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• A search for DM produced in association with a Higgs boson 
decaying to a bb̄ pair was conducted using 36.1 fb-1 of pp 
collisions at √s = 13 TeV recorded by the ATLAS detector.

• The results are in agreement with SM expectations and 
exclude a substantial region of the parameter space for 
Z’-2HDM models.

• Limits are also placed on the production cross section of non-
SM events with large ET

miss and a SM-like Higgs boson without 
extra model assumptions.
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Event Selection
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• The signal region selection efficiency in 
the resolved regime for three 
representative Z'-2HDM signal points: 
• (a) with (mZ', mA) = (0.6 TeV, 0.3 TeV) 
• (b) with (mZ', mA) = (1.4 TeV, 0.6 TeV) 
• (c) with (mZ', mA) = (2.6 TeV, 0.3 TeV) 

Selection Efficiency - Resolved

14
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• The signal region selection efficiency in 
the merged regime for three 
representative Z'-2HDM signal points: 
• (a) with (mZ', mA) = (0.6 TeV, 0.3 TeV) 
• (b) with (mZ', mA) = (1.4 TeV, 0.6 TeV) 
• (c) with (mZ', mA) = (2.6 TeV, 0.3 TeV) 

Selection Efficiency - Merged

15
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• Numbers of expected background events, and observed data yields for events with 1 b-
tags are shown.

• The multijet background in the two highest-ET
miss regions is negligible and not included in 

the fit.
•  Statistical and systematic uncertainties are combined. 
•  The expected signal for a Z'-2HDM model with (mZ', mA)=(1.4 TeV, 0.6 TeV) for tanβ = 1, 

gZ'=0.8, and mχ=100 GeV, assuming a production cross-section of 3.75 fb, is also shown. 

Expected and Observed Yields - 1 b-tags

16
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• Numbers of expected background events, and observed data yields for events with 2 b-
tags are shown.

• The multijet background in the two highest-ET
miss regions is negligible and not included in 

the fit.
•  Statistical and systematic uncertainties are combined. 
•  The expected signal for a Z'-2HDM model with (mZ', mA)=(1.4 TeV, 0.6 TeV) for tanβ = 1, 

gZ'=0.8, and mχ=100 GeV, assuming a production cross-section of 3.75 fb, is also shown. 

Expected and Observed Yields - 2 b-tags

17
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Results - ET
miss
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• Postfit ET
miss distributions for 0 Lepton SR using events with 1 b-tags (left) 

or 2 b-tags (right):
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• Postfit ET
miss distributions for 1 Muon CR using events with 1 b-tags and 

when muon charge is positive (left) or negative (right):

Results - ET
miss - 1 Muon CR 

19
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• Postfit ET
miss distributions for 2 Lepton CR using events with 1 b-tags (left) 

and 2 b-tags (right):

20
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• Fraction of the tt ̄and W+jets processes to the total sum of backgrounds as 
a function of ET

miss for events with 1 (left) and 2 (right) b-tags in the 1μ-CR. 
While tt ̄is symmetric in the muon charge, W+jets shows an asymmetry 
which allows to separate the two processes.

1 Muon CR

21
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Limits Without Model Assumptions
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• Product of kinematic acceptance and experimental efficiency, however 
without the requirement that an event be reconstructed in the same 
ET

miss range as generated, for three representative Z'-2HDM models 
considered in this analysis.


